1. Introduction {#s0005}
===============

Negative affective states play a major role in triggering problematic drinking and relapse ([@b0035]). Prospective studies show that anxiety, depression, and self-reported drinking to cope with negative affect (coping motives) are prospective risk factors for the development/persistence of alcohol dependence and propensity to relapse ([@b0070], [@b0105], [@b0150], [@b0155], [@b0160], [@b0165], [@b0230], [@b0310], [@b0320], [@b0365], [@b0390], [@b0535], [@b0565], [@b0660], [@b0725]). Furthermore, the experimental induction of negative mood or stress increases alcohol motivation, and this effect is greater in those who report coping motives or depression symptoms (literature reviewed in: [@b0290], [@b0300]). Finally, individual sensitivity to stress induced alcohol craving is associated with greater risk of relapse ([@b0080], [@b0135], [@b0270], [@b0585]). Consequently, therapies have sought to build resilience to negative affect triggered alcohol motivation ([@b0440], [@b0610]).

Mindfulness therapies which train awareness and acceptance of negative emotions have reduced drinking frequency and relapse ([@b0075], [@b0225], [@b0405], [@b0545], [@b0605], [@b0720]; but see [@b0245]), even if mindfulness training is relatively brief ([@b0345], [@b0470]; see also [@b0620]). Evidence that these therapeutic effects are mediated by increased resilience to negative affective drinking triggers comes from three studies. [@b0680] found that the impact of mindfulness versus treatment as usual (TAU) on reduced alcohol craving was mediated by a latent variable that included acceptance of negative affect, but also included acting with awareness and nonjudgment, suggesting the mediator may be a complex construct. [@b0315] found that the impact of mindfulness versus TAU on reduced alcohol use days was moderated such that individuals with lower distress tolerance benefited more, suggesting mindfulness may attenuate affective reactivity. Finally, [@b0675] reported a moderated mediation, wherein mindfulness therapy attenuated the mediational pathway between depression, craving and substance use, relative to TAU. These three studies support the claim that mindfulness interventions reduce drinking by building resilience to negative affective drinking triggers.

Trait mindfulness is similarly associated with resilience to negative affective drinking triggers in cross sectional studies with student drinkers. [@b0090] reported a moderated mediation, wherein trait mindfulness predicted a weaker mediational pathway between depression and alcohol problems via self-reported drinking to cope with negative affect. Similar results have been reported by others ([@b0525], [@b0060], [@b0635]). Collectively, the foregoing studies suggest that experimentally trained (i.e. state) and trait mindfulness confer resilience to negative triggers for alcohol motivation, although the precise link between state and trait mindfulness remains unclear ([@b0095]).

Importantly, emotional reactivity to negative mood and stress induction can be attenuated by extended mindfulness training ([@b0040], [@b0100], [@b0125], [@b0145], [@b0305], [@b0375], [@b0410], [@b0485], [@b0615]), and ultra-brief mindfulness training (8 and 20 min audio files or verbal script) ([@b0005], [@b0120], [@b0415], [@b0445], [@b0550]), although four ultra-brief studies have reported null effects ([@b0190], [@b0420], [@b0490], [@b0655]). It is worth noting that trait mindfulness also predicts reduced emotional reactivity to stress induction ([@b0015], [@b0110]), and greater self-reported distress tolerance/emotion regulation ([@b0195], [@b0205], [@b0315], [@b0425]). In sum, emotional reactivity is clearly attenuated by longer mindfulness programs and trait mindfulness, but the effectiveness of ultra-brief mindfulness training remains equivocal.

The most important question is whether mindfulness interventions attenuate negative mood induced craving. There are three nominally positive studies. The first positive study found that 8 weeks of mindfulness based relapse prevention (MBRP) attenuated stress-induced alcohol/drug craving, compared to TAU, in substance dependent individuals ([@b0125]). The problem is that standard relapse prevention produced the same effect. Furthermore, in a separate study, cognitive-behavioral stress management also attenuated stress induced craving ([@b0030]), so this effect is not specific to mindfulness interventions. The second positive study found, in treatment-seeking smokers, that mindfulness training versus psychoeducation attenuated neural stress reactivity measured by fMRI, and this predicted reduced smoking at follow up ([@b0370]). However, the study did not test for an attenuation of stress-induced craving per se, so interpretation of the effect is ambiguous. The third positive study found in student drinkers that alcohol craving measured after stress induction was reduced by a subsequent 8-minute mindfulness versus educational audio, suggesting mindfulness promoted recovery from stress-induced craving ([@b0085]). However, because craving was not measured before stress induction, it is unclear whether mindfulness attenuated stress-induced craving as opposed to background craving.

These three studies need to be set against four null results. The first null study found in alcohol/cocaine abusers that although mindfulness versus CBT attenuated stress induced emotional reactivity, it did not attenuate stress-induced craving ([@b0100]). The second null study found in risky college drinkers that 10-min mindfulness versus relaxation training did not attenuate stress-induced changes in subjective mood or craving ([@b0670]). The third null study found in a group of daily smokers that 10-min guided mindful mediation versus popular science audio did not attenuate tobacco craving following stress induction ([@b0420]). However, there was no stress induced increase in craving either, so the design was not optimal to test for an attenuation of this effect. The fourth null study produced a very similar pattern of results in female smokers ([@b0005]). In sum, available studies are equivocal as to whether mindfulness training attenuates craving responses to negative triggers, and there is no obvious methodological parameter that distinguishes the positive from the negative findings.

To address these uncertainties, the current study tested whether one specific element of mindfulness therapy -- breath counting (attention directed to breathing) -- would attenuate stress-induced increases in alcohol-seeking behaviour, and subjective negative affect, measured in the lab. Breath counting was selected as the training manipulation because it is a core component of larger mindfulness packages, quickly engages attention to interoceptive states blocking out external distraction, it can be easily deployed in daily life by a wide range of groups making it practically useful, and breath counting accuracy correlates with trait mindfulness ([@b0395], [@b0685]). Importantly, briefly trained breath counting or mindful breathing techniques have been shown to attenuate or accelerate recovery from mood and stress induction effects on subjective mood ([@b0010], [@b0235], [@b0350]; see also: [@b0200]), improve cognitive performance ([@b0240], [@b0460], [@b0480]), and improve learning and problem solving ([@b0360], [@b0455], [@b0460], [@b0500], [@b0505]).

The current study tested whether breath counting would attenuate stress-induced increases in alcohol-seeking in undergraduate drinkers (n = 192). Baseline alcohol-seeking was first measured by preference to view alcohol versus food thumbnail pictures in a series of two-alternative forced choice trials. The pictorial choice measure has been well validated as an index of the relative value ascribed to drug versus food, and as a robust correlate of dependence symptom severity, drug use frequency, and other vulnerability markers such as coping motives and psychiatric symptoms in clinical and subclinical samples ([@b0265], [@b0275], [@b0475]). Participants then listened to a 6-minute audio file which either trained breath counting (the breath counting group), or recited an extract from a popular science book -- Bill Bryson's A Short History of Nearly Everything (the control group). All participants were then stressed by listening to a loud and unpleasant industrial noise (70 dB), during which alcohol choice was measured again, as at baseline, to measure the increase in alcohol-seeking ([@b0130]). The breath counting group were told to deploy the breath counting technique in the stress test. Subjective annoyance and happiness were measured at baseline, post intervention, and post stress test. It was predicted that in the control group stress induction would increase alcohol choice and annoyance and decrease happiness, and that these induction effects would be attenuated in the breath counting group. These data would support the hypothesis that mindfulness interventions achieve therapeutic impact on substance use outcomes by building resilience to acute stress triggers, and that brief breath counting training may have therapeutic potential in its own right.

2. Methods {#s0010}
==========

2.1. Participants {#s0015}
-----------------

192 participants, who had drunk at least once in the past month and were therefore not teetotal, were recruited from the University of Exeter student population (age range: 18--52 years) and were randomly assigned to either the breath counting group or control group. Participants provided informed consent, were debriefed and received a chocolate bar as the reimbursement for participation. The study was approved by the School of Psychology Research Ethics Committee.

2.2. Questionnaires {#s0020}
-------------------

Participants completed the following questionnaires. The adult Patient-Reported Outcomes Measurement Information System Alcohol Use Short Form (PROMIS; [@b0495]) which contains 7 items assessing loss of control over drinking in the past 30 days (e.g., "I drank more than I planned"), endorsed on a 1--5 scale ranging from "Never" to "Always" (we report the average scale scores). The Alcohol Use Disorder Identification Test (AUDIT; [@b0025]) which contains 10 items assessing the frequency of alcohol use and alcohol-related problems experienced in the past 12 months. Total scores can range from 0 to 40 split into categories: low-risk (0--7), hazardous (8--15), harmful (16--19) and possibly dependent (20--40). The modified five factor Drinking Motives Questionnaire Revised (DMQR; [@b0255]), which measures how frequently drinking is motived by each listed reason, on a 1--10 scale ranging from "Never" to "Almost always". It has five subscales: drinking to cope with anxiety and depression, conformity, enhancement and socialising (the two coping subscales were collapsed). The Generalised Anxiety Disorder (GAD; [@b0600]) scale which contains 7 items assessing generalised anxiety disorder in the past two weeks (e.g., "feeling nervous, anxious or on edge"). The score on each item ranges from 0 ("Not at all") to 3 ("Nearly every day"). The total score can range from 0 to 21, with a score of 5, 10, and 15 as the cut-off points for mild, moderate and severe anxiety, respectively. The Patient Health Questionnaire depression scale (PHQ; [@b0380]) which contains 8 items assessing depressive symptoms in the past two weeks (e.g., "little interest or pleasure in doing things"). The score on each item ranges from 0 ("Not at all") to 3 ("Nearly every day"). The total score can range from 0 to 24, with a score of 5, 10, 15 and 20 as the cut-off points for mild, moderately severe and severe depression, respectively.

2.3. Procedure {#s0025}
--------------

### 2.3.1. Baseline alcohol choice {#s0030}

As shown in [Fig. 1](#f0005){ref-type="fig"}, alcohol pictorial choice was measured at baseline by participants completing 24 two-alternative forced-choice trials in which they freely chose to enlarge thumbnail pictures of either alcohol or food by pressing a left or right arrow key ([@b0260]). Instructions were: 'In this task, you can view alcohol and food pictures by pressing the left or right arrow key'. In each trial, the alcohol and food thumbnail stimuli presented were each sampled from a set of 28 pictures, and presented randomly in the left or right screen position. The dependent variable was the percentage choice of alcohol across all choice trials. Following baseline alcohol choice, subjective mood was measured, at the baseline timepoint, by asking participants to what extent they currently felt happy and annoyed, in random order, on a 5-point scale ranging from 1 ("not at all") to 5 ("extremely").Fig. 1Task used to test whether breath counting promotes resilience to stress induced alcohol-seeking in student drinkers. Baseline alcohol choice was measured by preference to view alcohol versus food thumbnail pictures in two-alternative forced choice trials. Participants then listened to a six minute audio file which either trained breath counting or recited a popular audio book (control group). Alcohol choice was then measured again but with noise stress induction added. The breath counting group were told to deploy this technique during the stress test. Subjective happiness and annoyance were measured at the three timepoints denoted.

### 2.3.2. Breath counting versus control intervention {#s0035}

The half of participants who were assigned to the breath counting group listened to a 6-minute audio file (inspired by [@b0505]) in which they were instructed (via a female voice) to relax and concentrate on their breath sensations, then count each outbreath, at normal pace, from one to ten, and then start again from one (see [Supplementary material](#s0105){ref-type="sec"} for full transcript and the audio file). The half of participants who were assigned to the control group received a 6-minute audio file in which was recited (by the same female voice as the breath counting audio) an extract from the popular science book A Short History of Nearly Everything by Bill Bryson (see [Supplementary material](#s0105){ref-type="sec"}). For both groups, after the audio file, participants were asked how much attention they had paid to the recording on a scale ranging from 1 ('a little') to 5 ('a lot'), and how pleasant they had found to the experience on a scale ranging from 1 ('Unpleasant') to 5 ('Pleasant'). Finally, all participants had their subjective happiness and annoyance measured at this post-intervention timepoint (identical to the baseline timepoint).

### 2.3.3. The stress-induced alcohol choice test {#s0040}

All participants then completed an alcohol pictorial choice task identical to baseline, except a loud and unpleasant industrial noise (70 dB; file: airsander.mp3 from www.freesfx.co.uk) was played continuously through headphones over 36 trials, to induce mild stress and augment alcohol choice ([@b0130]). The 36 trials of the test phase were broken into three time bins of 12 trials each to examine changes over time. The breath counting group were instructed to deploy the breath counting technique during the stress test, whereas the control group received no comparable instruction. All participants reported their subjective happiness and annoyance identical to the baseline and post intervention timepoints. Finally, the breath counting group reported their attention to and pleasantness of the breath technique deployed during the stress test, identical to the post-intervention timepoint. In the end, all participants completed a mood repair procedure ([@b0260]) to normalise mood prior to departure (for ethical reasons).

### 2.3.4. Analytical plan {#s0045}

ANOVAs were performed with the between subjects variable intervention group (breath counting, control) and the within subjects variable timepoint, which differed according to which dependent variable was considered. Percent alcohol choice was calculated from the baseline phase and the three time bins of the test phase, so progressive recovery from stress could be tested. Consequently, the block variable in this analysis had four levels: baseline and stress test bin 1--3. ANOVAs with subjective happiness and sadness included a timepoint variable with 3 levels (baseline, post intervention, post stress test). Pearson correlations were used to explore the relationship between questionnaire indices and behavioural/subjective measures in the task.

3. Results {#s0050}
==========

The data that forms the basis of the results presented here are available from the University of Exeter Research Data Repository (<https://ore.exeter.ac.uk/repository/>), doi: TBC.

3.1. Participants {#s0055}
-----------------

Four participants were excluded due to the extreme change in their percent alcohol picture choices from baseline to test that were greater than three times the interquartile range of the sample, leaving 188 participants for analysis. This did not change the pattern of significance of the results. As shown in [Table 1](#t0005){ref-type="table"}, the breath counting and control groups were matched with respect to questionnaire measures. The breath counting group reported paying more attention to, and greater pleasantness of, the intervention at the post-intervention timepoint. Characterising the severity of alcohol use disorder symptoms in the sample as whole, the proportion of participants that fell into each AUDIT category were: low-risk (26%), hazardous (46%), harmful (18%), and possibly dependent (11%).Table 1Mean (SD, range) of questionnaire data reported by the breath counting and control groups. PROMIS = Patient-Reported Outcomes Measurement Information System Alcohol Use Short Form. AUDIT = Alcohol Use Disorder Identification Test. DMQR = modified Drinking Motives Questionnaire Revised. GAD = The Generalised Anxiety Disorder test. PHQ = Patient Health Questionnaire depression scale. *p* = significance level of the group contrast. -- = test not possible.Group*p*Breath counting (n = 93)Control (n = 95)Age21.51 (3.91, 18--52)21.05 (2.09, 18--32)0.32Gender ratio (M/F)47/4648/471.00PROMIS alcohol use2.3 (0.8, 1--4.7)2.4 (0.7, 1--4.1)0.27AUDIT score11.44 (5.69, 2--28)12.75 (6.16, 2--31)0.13DMQR coping2.8 (1.8, 0--8.3)3.2 (2.1, 0--9.2)0.17DMQR enhancement4.9 (2.2, 0--9)5.4 (2.2, 0--10)0.11DMQR socialising6.7 (1.6, 1.4--9.8)6.9 (1.8, 1.8--10)0.43DMQR conformity1.6 (2.0, 0--9.2)2.1 (1.9, 0--6.8)0.10GAD score5.77 (4.51, 0--20)6.79 (4.39, 0--21)0.12PHQ score6.12 (4.74, 0--22)6.65 (5.14, 0--24)0.46Attention to intervention (post-intervention)3.98 (0.91, 1--5)2.85 (1.15, 1--5)\<0.001Pleasantness of intervention (post-intervention)4.02 (0.92, 2--5)3.01 (1.13, 1--5)\<0.001Attention to intervention (post-test)2.80 (1.15, 1--5)--Pleasantness of intervention (post-test)2.98 (1.04, 1--5)--

3.2. Subjective happiness {#s0060}
-------------------------

[Fig. 2](#f0010){ref-type="fig"}A shows subjective happiness reported by the breath counting and control group at three timepoints of the experiment (baseline, post intervention, post stress test). ANOVA on these data yielded a significant main effect of timepoint, *F*(2,372) = 65.30, *p* \< .000, η~p~^2^ = 0.260, suggesting that subjective happiness changed over time. There was also a significant interaction between intervention group and timepoint, *F*(2,372) = 12.98, *p* \< .001, η~p~^2^ = 0.065, and a significant main effect of intervention group, *F*(1,186) = 13.39, *p* \< .001, η~p~^2^ = 0.067, suggesting the intervention manipulation affected subjective happiness. Contrasts of the intervention groups indicated that their subjective happiness did not differ significantly at baseline, *F*(1,186) = 1.95, *p* = .16, η~p~^2^ = 0.010, but did differ significantly at post intervention, *F*(1,186) = 30.60, *p* \< .001, η~p~^2^ = 0.141, and at post stress test, *F*(1,186) = 7.79, *p* = .006, η~p~^2^ = 0.040. Furthermore, contrasts of baseline versus post intervention timepoints indicated that breath counting significantly increased happiness, *F*(1,92) = 13.76, *p* \< .001, η~p~^2^ = 0.130, whereas the control intervention decreased happiness, *F*(1,94) = 20.73, *p* \< .001, η~p~^2^ = 0.181. These analyses suggest that breath counting compared to the control intervention increased happiness after the intervention, and protected from a stress induced decrease in happiness in the stress test.Fig. 2(A) Mean (and SEM) subjective happiness measured at three timepoints (baseline, post intervention and post stress test) in the two groups. The breath counting group relative to the control group showed greater happiness post intervention, and an attenuated stress induced decrease in happiness post stress test. (B) Mean subjective annoyance measured at three timepoints in the two groups. The breath counting group relative to the control group showed reduced annoyance post intervention, and an attenuated stress induced increase in annoyance post stress test. (C) Mean percent choice of alcohol versus food pictures at baseline and across three time bins of the stress test, in the breath counting and control group. Both groups showed an increase in alcohol choice at stress test bin 1 vs. baseline. The groups differed thereafter. In the breath counting group, alcohol choice declined linearly back to baseline across test bins 2 and 3. In the control group, alcohol choice was stable above baseline across the stress test. (D) Moderation analysis: the effect of breath counting versus control intervention on recovery from stress induced alcohol-seeking (i.e. decline in alcohol choice across stress test trials indexed by a regression coefficient), was moderated by AUDIT scores, such that breath counting produced steeper recovery in participants with low and intermediate, but not high, AUDIT scores. (E) Equivalent moderation analysis with PROMIS alcohol use scores. Breath counting produced steeper recovery from stress induced alcohol-seeking in participants with low and intermediate, but not high, PROMIS alcohol use scores.

3.3. Subjective annoyance {#s0065}
-------------------------

[Fig. 2](#f0010){ref-type="fig"}B shows subjective annoyance reported by the breath counting and control group at three timepoints of the experiment (baseline, post intervention, post stress test). ANOVA on these data yielded a significant main effect of timepoint, *F*(2,372) = 126.73*p* \< .001, η~p~^2^ = 0.405, suggesting that subjective annoyance changed over time. There was also a significant interaction between intervention group and timepoint, *F*(2,372) = 6.50, *p* = .002, η~p~^2^ = 0.034, *p* \< .000, η~p~^2^ = 0.405, and a significant main effect of intervention group, *F*(1,186) = 8.67, *p* = .004, η~p~^2^ = 0.045, suggesting the intervention manipulation affected subjective annoyance. Contrasts of the two intervention groups indicated that their subjective annoyance did not differ significantly at baseline, *F*(1,186) = 0.10, *p* = .73, η~p~^2^ = 0.001, but did differ significantly at the post intervention, *F*(1,186) = 23.24, *p* \< .001, η~p~^2^ = 0.111, and at post stress test timepoints, *F*(1,186) = 4.91, *p* = .028, η~p~^2^ = 0.026. Furthermore, contrasts of baseline versus post intervention timepoints indicated that the breath counting intervention significantly decreased annoyance, *F*(1,92) = 17.78, *p* \< .001, η~p~^2^ = 0.162, whereas the control intervention increased annoyance, *F*(1,94) = 5.05, *p* = .03, η~p~^2^ = 0.051. These analyses suggest that breath counting compared to the control intervention decreased annoyance after the intervention, and protected from a stress induced increase in annoyance in the stress test.

3.4. Percent alcohol picture choice {#s0070}
-----------------------------------

[Fig. 2](#f0010){ref-type="fig"}C shows percent alcohol picture choice measured at baseline and three time bins of the stress test for the breath counting and control group. ANOVA on these data yielded a significant interaction between intervention (2) and block (4), *F*(3,588) = 3.09, *p* = .027, η~p~^2^ = 0.016, suggesting that the breath counting group recovered more quickly from the stress induced alcohol-seeking effect. There was also a significant main effect of block, *F*(3,558) = 5.71, *p* = .001, η~p~^2^ = 0.030, but no effect of group, *F*(1,186) = 3.61, *p* = .059, η~p~^2^ = 0.019. Breakdown of the significant 2x4 interaction was achieved with a series of 2x2 ANOVAs. Analysis of baseline and test bin 1 yielded a significant main effect of block, *F*(1,186) = 13.88, *p* \< .001, η~p~^2^ = 0.069, and no interaction between intervention group and block, *F*(1,186) = 0.08, *p* = .778, η~p~^2^ = 0.000, suggesting that stress increased alcohol choice at test bin 1 relative to baseline, and groups were matched in sensitivity to this effect (i.e. there was no immediate protective effect of breath counting). By contrast, analysis of baseline and test bin 2 again yielded a significant effect of block, *F*(1,186) = 4.59, *p* = .033, η~p~^2^ = 0.024, but also a significant interaction between intervention group and block, *F*(1,186) = 6.44, *p* = .012, η~p~^2^ = 0.033, suggesting that breath counting protected from stress induced alcohol-seeking at test bin 2. Similarly, analysis of baseline and test bin 3 yielded no significant effect of block, *F*(1,186) = 0.11, *p* = .741, η~p~^2^ = 0.001, and a significant interaction between intervention group by block, *F*(1,186) = 4.57, *p* = .034, η~p~^2^ = 0.024, again suggesting that breath counting protected from stress induced alcohol-seeking at test bin 3. One way ANOVAs comparing groups at each time bin found no significant difference at baseline, *F*(1,186) = 1.12, *p* = .292, η~p~^2^ = 0.006, or test bin 1, *F*(1,186) = 1.03, *p* = .311, η~p~^2^ = 0.006, but a significant difference at test bin 2, *F*(1,186) = 5.74, *p* = .018, η~p~^2^ = 0.030, and test bin 3, *F*(1,186) = 4.77, *p* = .030, η~p~^2^ = 0.025. Finally, examination of the three test bins indicated that there was a significant linear decline for the breath counting group, *F*(1,92) = 12.95, *p* = .001, η~p~^2^ = 0.123, but not the control group, *F*(1,94) = 1.04, *p* = .311, η~p~^2^ = 0.011. These analyses suggest that breath counting, compared to the control intervention, promoted recovery from a stress-induced increase in alcohol choice.

3.5. Exploratory correlations {#s0075}
-----------------------------

Correlations tested whether, in the sample as a whole, baseline alcohol choice and the stress induced increase in alcohol choice were associated with questionnaire scales. Percent alcohol choice at baseline correlated significantly with AUDIT, *r* = 0.43, *p* \< .001, PROMIS alcohol use, *r* = 0.34, *p* \< .001, DMQR enhancement, *r* = 0.31, *p* \< .001, DMQR social, *r* = 0.29, *p* \< .001, and DMQR coping, *r* = 0.37, *p* \< .001, but not DMQR conformity, *r* = 0.06, *p* = .34, GAD anxiety, *r* = 0.05, *p* = .52, or PHQ depression, *r* = 0.14, *p* = .06. The stress induced increase in alcohol choice from baseline to test (over all time bins) correlated positively with AUDIT, *r* = 0.16, *p* = .03, PROMIS alcohol use, *r* = 0.19, *p* = .008, and DMQR coping, *r* = 0.19, *p* = .007, but not with DMQR enhancement, *r* = 0.14, *p* = .06, DMQR social, *r* = 0.13, *p* = .08, DMQR conformity, *r* = 0.11, *p* = .14, GAD anxiety, *r* = 0.03, *p* = .69, or PHQ depression, *r* = 0.00, *p* = .99. These correlations suggest that baseline alcohol-seeking and stress induced alcohol-seeking are linked to a range of vulnerability factors.

3.6. Exploratory moderation analysis {#s0080}
------------------------------------

Moderation analysis was used to test whether the beneficial effect of breath counting differed between individuals. Recovery from stress induced alcohol-seeking was quantified by calculating a regression slope for each participant relating the probability of choosing the alcohol picture over successive test trials. This recovery score was entered as the outcome variable, intervention group was entered as the predictor variable and each questionnaire was entered as the moderator, in separate moderation models using Hayes Process Software for SPSS (<https://processmacro.org/index.html>). A significant moderation effect was found for AUDIT, *b* = −0.01, *p* = .03, shown in [Fig. 2](#f0010){ref-type="fig"}D. The breath counting versus control intervention produced steeper recovery from stress induced alcohol-seeking in those with low, *b* = 0.09, *p* \< .005, and intermediate AUDIT scores, *b* = 0.04, *p* \< .05, but not those with high AUDIT scores, *b* = −0.00, *p* = .92. A significant moderation effect was also found with PROMIS alcohol use scores, *b* = −0.06, *p* = .04, shown in [Fig. 2](#f0010){ref-type="fig"}E. The breath counting versus control intervention produced steeper recovery from stress induced alcohol-seeking in those with low, *b* = 0.10, *p* \< .005, and intermediate PROMIS alcohol use scores, *b* = 0.05, *p* = .03, but not those with high PROMIS alcohol use scores, *b* = −0.00, *p* = .95. Finally, there were no moderation effects with DMQR coping, *b* = 0.00, *p* = .97, DMQR social, *b* = −0.02, *p* = .09, DMQR enhancement, *b* = −0.01, *p* = .61, DMQR conformity, *b* = −0.00, *p* = .73, GAD anxiety, *b* = −0.00, *p* = .96, or PHQ depression, *b* = −0.00, *p* = .26. Finally, there were no significant moderation effects when the change in happiness or annoyance from baseline to test was entered as the outcome variable. The overall implication of these analyses is that breath counting produced less recovery from stress induced alcohol-seeking in those with greater alcohol dependence.

4. Discussion {#s0085}
=============

The study found that following training of a breath counting technique (versus control), happiness increased and annoyance decreased, relative to baseline. Participants also rated the breath counting intervention as more pleasant and attention demanding, indicating this practice was pleasant and acceptable. Deployment of the breath counting technique during noise stress induction resulted in a smaller decrease in happiness and smaller increase in annoyance, relative to the control group, suggesting that breath counting attenuated stress induced negative mood. Finally, deployment of the breath counting technique during noise stress promoted more rapid recovery from the stress induced increase in alcohol-seeking over bins of the test block. These findings indicate that ultra-brief breath counting training can improve mood, and attenuate stress induced negative mood and alcohol motivation. The therapeutic impact of mindfulness interventions on problematic drinking could be driven by such stress resilience effects, and ultra-brief breath counting training could have therapeutic potential in its own right.

Breath counting attenuated stress induced negative mood, corroborating studies showing attenuation of mood/stress induced subjective/physiological responses by (a) mindfulness or meditation training ([@b0040], [@b0100], [@b0125], [@b0305], [@b0375], [@b0410], [@b0485], [@b0615]); (b) ultra-brief mindfulness interventions ([@b0005], [@b0120], [@b0415], [@b0445], [@b0550]); and (c) ultra-brief breath counting training similar to the one used here ([@b0010], [@b0235], [@b0350]). However, several mindfulness training studies have failed to demonstrate attenuation of emotional reactivity ([@b0190], [@b0420], [@b0490], [@b0655]). Nevertheless, the weight of evidence supports the idea that mindfulness/breath counting engenders resilience to mood/stress induced emotional responses. It remains unknown whether this mechanism plays a role in the therapeutic impact of mindfulness on drinking outcomes.

The novel contribution of the current study was to demonstrate that deployment of the briefly trained breath counting technique promoted recovery from a stress induced increase in alcohol choice across time bins of the stress test, compared to the control group. This finding corroborates three studies which have reported attenuation of mood/stress induced craving by mindfulness based relapse prevention ([@b0125]), cognitive-behavioral stress management ([@b0030]), and ultra-brief mindfulness training ([@b0085]); for a potentially related fMRI effect see [@b0370]. However, there remain four studies which have reported no impact of extended ([@b0100]) or ultra-brief mindfulness training ([@b0005], [@b0420], [@b0670]) on mood/stress induced craving. There are multiple methodological differences between the positive and negative studies. Therefore, the boundary conditions necessary to demonstrate attenuation of mood/stress induced drug motivation remain obscure. We can conclude that the current model is sensitive to this effect, making it attractive as an assay in future studies.

The current study cannot isolate the mechanism(s) by which the breath counting intervention created resilience to stress induced mood and alcohol-seeking. A wide range of behavioural manipulations have been shown to attenuate mood/stress induced effects on subjective mood or physiological reactivity. These include brief instructions about accepting emotions ([@b0115], [@b0355], [@b0400], [@b0465], [@b0555], [@b0570], [@b0575], [@b0665]), guided imagery of the stressor prior to testing ([@b0695], [@b0700]), guided positive mental imagery ([@b0325]), guided neutral mental imagery ([@b0335], [@b0340]), attentional capture by happy faces ([@b0540]), occupancy of working memory by secondary tasks ([@b0185], [@b0385], [@b0630], [@b0640], [@b0645], [@b0650]), distress tolerance training ([@b0065]), acute exercise ([@b0045], [@b0050], [@b0450], [@b0515]), exposure to green environments ([@b0330]) and drawing pleasant pictures ([@b0170], [@b0175], [@b0180], [@b0590]). Although any of these processes could be responsible for the effects found in the present study, occupancy of working memory resources is perhaps the most plausible mechanism ([@b0625]). If, over the stress test, participants became more skilled in attending to the breath counting exercise, diverting attention from the noise, this would explain the progressive recovery from stress induced alcohol-seeking. Future studies need to isolate the effective mechanism by including an active control group (e.g. number counting, relaxation training), and by inserting measures (e.g. state mindfulness, breath counting accuracy) to test mediation of the therapeutic outcome.

There were also individual differences in the observed effects. First, baseline alcohol choice was associated with multiple indices of vulnerability to alcohol dependence (AUDIT, PROMIS alcohol use, DMQR subscales), as has been reported previously in clinical and subclinical samples ([@b0260], [@b0265], [@b0280], [@b0290]), consistent with the relative value of alcohol playing a role in dependence risk. Interestingly, percent alcohol choice did not correlate with anxiety and depression, confirming similar null associations with student drinkers ([@b0280], [@b0290]), and contradicting studies with more severe drinker samples ([@b0260], [@b0265]). The implication is that psychiatric symptoms play a more powerful role in alcohol valuation in more severe drinkers.

Second, the magnitude of the stress induced increase in alcohol-seeking from baseline to test, in the sample as a whole, increased with AUDIT and PROMIS alcohol use measures. By contrast, three previous studies found that AUDIT was not associated with negative mood induced alcohol-seeking ([@b0260], [@b0280], [@b0290]), suggesting stress induction may favour this association. However, in the wider literature, the association between dependence and mood/stress induced craving is inconsistent ([@b0020], [@b0135], [@b0210], [@b0215], [@b0510], [@b0580], [@b0690], [@b0705], [@b0710], [@b0715]), although the link to relapse risk is more reliable ([@b0080], [@b0135], [@b0270], [@b0585]). The implication is that stress/mood induced drug motivation may increase with only particular dimensions of dependence, yet to be clarified.

Third, the stress induced increase in alcohol-seeking correlated with DMQR coping, but not other DMQR subscales. Similar selective associations have been reported in other studies ([@b0020], [@b0055], [@b0210], [@b0215]; [@b0250], [@b0280], [@b0285], [@b0290], [@b0530], [@b0690]). By contrast, stress induced alcohol-seeking did not correlate with anxiety or depression symptoms, which contradicts findings from both student and clinical samples ([@b0135], [@b0220], [@b0290], [@b0300]). One explanation is that although psychiatric symptoms confer sensitivity to negative affect drug use triggers, this relationship is proximally mediated by coping motives ([@b0140], [@b0295]), such that the correlation between psychiatric symptoms and mood/stress induced drug-seeking is weaker and more unreliable. However, this model requires empirical confirmation.

Finally, the moderation analyses showed that breath counting produced less recovery from stress induced alcohol-seeking as dependence severity increased, and produced no recovery in more dependent drinkers. It is possible that this resistance to recovery was a corollary of more dependent drinkers showing a greater stress induced alcohol-seeking effect overall. In any case, the implication is that breath counting (and by extension mindfulness training) may be less effective for more dependent drug users. However, this claim contradicts a moderation analysis of clinical trials data which showed that mindfulness based relapse prevention versus control interventions produced a bigger effect on substance use outcomes as dependence symptom severity increased ([@b0520]), i.e. greater efficacy for more dependent individuals. It is difficult to resolve the discrepancy between these findings. It is possible that more dependent individuals benefit more from extended interventions, and less from brief interventions, or there may be unique facets of mindfulness training not encompassed by breath counting. Regardless, the findings from the present study demand that the effect of breath counting on recovery from stress induced alcohol-seeking is tested in more severe drinkers to assess whether this approach has therapeutic potential in a non-student sample.

To conclude, the study found that a briefly trained breath counting technique improved mood, attenuated stress induced worsening of mood, and promoted recovery from stress induced alcohol-seeking in student drinkers. Mindfulness therapies may improve drinking outcomes via these effects. This possibility could be evaluated in a mindfulness clinical trial by testing whether the treatment effect on drinking outcomes is mediated by an effect on stress induced subjective mood and alcohol-seeking ([@b0315], [@b0430], [@b0675], [@b0680]). The second conclusion is that brief breath counting training might have therapeutic potential in its own right. However, this claim is limited because breath counting did not promote recovery from stress induced alcohol-seeking in more dependent drinkers. The clinical potential of breath counting needs to be evaluated in a more severe drinker sample. Finally, the finding that stress induced alcohol-seeking was sensitive to the breath counting intervention suggests this model could be used to screen other candidate interventions designed to mitigate this effect, such as anxiolytic pharmacotherapy ([@b0435], [@b0560], [@b0595]).
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